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(54) Free space optical broadband access system 

(57) The scanning free space optica! broadband 
access network uses LASERS to carry high-speed data 
streams between a central location and a number of 
subscribers served from that location; High-speed dig- 
ital data modulates the LASERS in both directions, 
allowing a virtual MAN to be created. A few dozen sub- 



scribers share a single virtual pipe with several hundred 
Mbps band-width available. Beam scanning techniques 
at a central hub permit a single LASER and optical 
assembly to serve many customers. 
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Description 

RAlated App lications: 

mrmii This Application claims the priority of Provi- 5 

r999 ' 

by the inventors of this AppUcation. 



T^hninal Field: 

roo02] This invention relates to broadband tree 
space optical communications systems. - 

Problem: 
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r0OO31 ? At this time, there exists a substantial ■ and 

tions to nome ^omouter access, web surfing, 

required in support « video applications. 20 

Z1^^^'^< access nstwork ' 

^spor^ 

l^SKi^*™ p^t^ng the, . 
deolovment DSL re-uses the copper in the ground, and 
fast and inexpensrve to install, but ,t suffers 
^eSnology'nmnallons related to loop characters 
Land is Wed to a few Mbps. Regulatory and spec- 
tS^locl Z t issues, limit wireless broadband m - » 
tral al ™'°" h they offer fast and inexpensive- 
Seamen ^ Fibe J*** ^p.oyment have plenty ■ 
of S h, but are prohibitively expensive The users 
are exacting the same quality, reliability and speed of 
SesT currently enjoyed in large corporate Intranet 35 
SaSions, to & ubiqurtously ^ryw^ ^ I, 

r 0 0041 Consequently, a point-to-point terrestrial 
Sowave system is sometimes used. In this service ■ • 
TanTenna is mounted on a high tower, having line of ^ 
sToht access to a subscriber who requires the service. « 
One JS antenna is provided for each such subscriber 
?he antennas of the subscriber and the tew 
antennas are aligned, so that each is aimed atthe other. 
T^e system is expensive. One tower mounted antenna 
Trequtd for each subscriber, and it is necessary to «. 
align that antenna wrth the •subscriber's location when 
tt s^em is instai.ed. Further, the reliabH.ty of the sys- 
tem is. limited to the reliability of each antenna; and its 
associated electronics. 

TO005] Another system that is used is LMDS. (Local so 
Multi-Point Distribution System). In this system, a cen- 
T ra omni-directiona. antenna serves a pluralrty of _ sub- ■ 
scribers each of which have a directional' antenna 
SSJi the central antenna. The disadvantage of this 
aningementisthatallthesubscrtoers must-share a sin- 55 
g e S L of the radio spectrum; the radio spectrum must 
Se individually licensed" because the radio signal is- 
broadly radiated. 



Solution: 

f00061 The .above "problem is solved, and an 
advance is made over the teachings of the pnor art m 
accordance with this invention, wherein ah optical. Ime- 
orsighnransceiver (OLST), mounted on a surtably high 
Srm is used to transmit a steerable modulated 
P LASER beam-to each of a plurality of customers w.th.n 
-the signt of that OLST; when,an OLST is steered to a 
oarSar customer, the OLST also receives signals 

communication, and to provide feedback as to whether 
th transmitted steered signal is being property 
receded. Advantageously, such an arrangement 
sharply reduces the number of OLSTs required to _be 
mounted at tower .sites, and eliminates .the installation 
problem of manually aiming each tower counted OLST 
that is required in a point-to-point distribution system. 
An OLST can serve customers in an angular region, 
called a sector of the tower. A few dozen to a few hun- 
dred subscribers share a single virtual pipe, (one sector 
of the tower), with several hundred Mbps bandwidth - 
available to be shared by the customers of a sector _ ■ 
moo?] In accordance Wrth one preferred embodi- 
ment a group- of several solid angle, (azimuth and ele- 
vation), sector OLSTs are mounted on a tower to serve 
the different sectors surrounding a tower In Appjcants 
preferred embodiment, a group of eight such OLSTs 
serving eight different sectors Is mounted as part of 
."each hub Advantageously, this-limits the angle over 
which each OLST needs to be steered. 
Los] . in accordance with Applicants' preferred 
embodiment, each customer is provided with a slice of 
time out of an overall repetition cycle. Durmg this time 

■ slice information is exchanged between the sector 
OLST and the customer using one wavelength down- 
stream and ".a different, widely spaced wavelength 

■ upstream, in Appncants; preferred embodiment, the rep- 
etition, cycle is typically, 20 milliseconds. The slice of 
time allocated depends on how much data is to be 
transferred between the hub, and a particular customer. 
The amount of data which can be exchanged during 
each overall, time .cycle, is limited by the. demands of 
other customers being served during the same time 
cvcle and the electronic, mechanical and optical design 
ofthe system elements. Advantageously, the cycle lim- 
its the latency of information transmitted in the two 
directions to an amount that supports interactive serv- 
ices and voice transmission. • 
r00091 In accordance with Applicants preferred 
embodiment, a pair of optical galvonometers, or other 
beam steering apparatus are used to control the angle 
of. a transmitting and receiving mirror so that the 
LASERS are aimed at, and received from a single sub- 
scriber with which a particular OLST is currently com- 
municating. Alternatively, other beam steering 
apparatus such as crystal-based beam deflectors can 
be used for steering the beam. Optical galvonometers 
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are manufactured by, for example, General Scanning 
Corporation and Cambridge Scientific Corporation. 
Using this technology, the LASER beam and the receiv- 
ing apparatus can be moved rapidly from one customer 
to another, thus, minimizing the overhead for moving the 5 ~ 
LASER beam. The scanning system moves the beam' to 
the next customer when one of two events happen; .' ' 
either all of the data to be transmitted in each of the two . 
directions has already been' transmitted, or the allo- 
. cated time slice for the customer has been used up. The jo 
size of the time slice is chosen to ensure that the beam 
visits each active subscriber at least once within the 
maximum interval needed to provide an acceptable 
latency, such as 20 milliseconds, to minimize the delay 
of critical services, such as voice. The data -to drive the 15 
LASER, and the data received by the optical assembly, 
are sent/to, received/from a switching arrangement, ;f or 
example, a. router, andthence, to/from- the broadband 
backbone network interconnecting the towers with each • 
other, andwith long distance facilities. 2 o 
[0010] In accordance with Applicants' ' preferred 
embodiment,, an overall control unit directs local control 
units within each OLST to determine which subscribers- - 1 
are to be controlled from which OLSTs. Advanta- . . 
geously, this . permits subscribers in sector overlap 25* 
areas, which can be served by either of two sectors, 'to 
be served by the jess busy sector, thus increasing the 
overall capacity, of the system. "> 
[0011] Each subscriber's terminal consists of two - 
fixed optical assemblies, .both of which are carefully. 30 
aligned with a' central hub at installation', and 'perma- 
nently fixed. The first optical assembly is a' LASER that* . 
is modulated by trie upstream data in a burst, carefully 
timed to coincide with the downstream burst that results 1 
when the hub's scanner points at the subscriber. The : 35 
other optical assembly is a lens and an optical receiver :. 
that terminates the downstream link. Data received from 
the downstream receiver" and transmitted to the hub; 
passes over a standard local area network, and r tnter- * : * 
connects, the subscriber terminal and the various pieces 40 : 
of equipment the user needs" to connect to a backbone 
network for interconnecting hubs and other transmis- 
sion and switching systems. . 

[001 2] - In the preferred embodiment, different wave- 
lengths are used for the down-stream and upstream sig- 45 
nals; advantageously, this minimizes 

upstream/downstream crosstalk. 



Brief Description Of The Drawing(S): 
[0013] \ 
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Figure 1 is a system diagram, illustrating the rela- 
tionship between the hub, the tower, and the sub- 
scribers; - .- - 55 

Figure 2 is ; a blpck diagram, illustrating the technical 
details of the central hub; 



Figure 3 is a block diagram, illustrating the technical 
'-. details of the subscriber station; and 

• Figure 4 is a flow diagram, illustrating the control of 
' .-anOLST. 

Detailed Description: , s ' 

[0014] Subscribers are demanding, and witling to : 
pay= for fast Internet access. The deployment of broad- 
band (>1 Mbps) access systems is slower than we 
would like. New services, (like telecommuting, and web 
video), require 2-20 Mbps. New Internet/Intranet back- 
bones have adequate capacity; access is the bottle- 
neck. Current generation personal computers, (PCs) 
can process Internet access data at 10 - 100 Mbps. 
[0015] . Existing broadband access technologies 
.have limitations. • Cable .modem deployment is slow, 
mostly due to problems updating unidirectional plants. I 
DSL deployment is slow. due to loop qualification, CPE 
availability, and regulation. SDV, (switched digital video) 
appears to, be stillborn., FTTX, (Fiber to the business, 
curb, home, serving area, etc.), has high construction' - 

COStS. ■ • ' ^ ' • 

[0016] Broadband wireless, LMDS, (Local Multi- 
point Distribution Systems), and. MMDS, (Multi-point 
Multi-gigabit Distribution Systems) shows promise, but 
has some problems: FCC spectral licenses are' required 
for every installation; international licenses may not be 
available at all; tower construction often causes public 
backlash; Tine of, .sight is usually required; rain fading 
limits range.to approximately 1 .5 mi., for .99999 service 
reliability; point-to-point systems are about twice as' 
.expensive to install as point-to-multi-point; point-to-^ 
multi-point systems have capacity, reliability, and pri- 
vacy concerns.. % . c 

[0017] What is needed, therefore, is 'a broadband 
access network with most of the advantages of broad- J 
band wireless,-- (fast installation, scalable capacity, 
nearly universal access, etc.), without trie disadvan- 
tages, (spectral licenses, shared media limits on capac- 
ity, reliability, and privacy). . 

[0018] A free space optical system solves many of 
these problems. Its topology is identical to : point-to- 
multi-point microwave radio delivered LMDS service, - 
with a central hub, (perhaps with many sectors), and-an 
"antenna" like element, mounted at each subscriber. 
Instead of microwave radio, this system uses free space* 1 
optical links ano!.LASERs v Optical beam scanning tech- 
niques are used at the hub to rapidly move the beam 
from one user to the .next, creating an arbitrary number 
of virtual point-to-point links. Two different wavelengths 
of infrared light are used for the upstream and down- 
stream directions. In the preferred embodiment, infrared 
1310 nanometers is used for the upstream direction, 
1550 nanometers for the downstream direction. Each 
hub can have up to eight sectors, (with overlap). Each 
sector has a bitrate of 155 or 622 Mbps', in each direc- 
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seeing a rates, and duty 

Assuming reasonable has an aver- 

cycles, each ^"^SK^*"*"* 

age, sustainable, b^^ona^ ^ jn 

a peak rate of- up to ,1 °° ^ P withpeaks'of 622 
tions, average rates up. to/» , • ^ ^ 

Mbps are ■^JJ^'XSi ~> 

10 ms best case, about 300ms iabint ^ From the - 

The system is loo W like a large 

user's perspect.ve, the system 

switched Ethernet ub ^'^^'m^.- 
router, and an 9^3 or u subscriber. 

,„s, a «ing and aligning *• * '"fe* P c , s 'i, aeps. 

[00201 Hi* 8 ^ Kstruaed vie*, ol th. 
. „* butting °''°" e '- "* r ^Stb.in.„l hub. 

sentative surveys the ' '^ on Aral hub ano sect0 rto 

use. A laptop wrth JJJ**^ ^tion over a wire- 

^fthrcentS Operation, Administration, . 
less modem to the- . , 0 AM&PVBureau..The 
Maintenance ^ t 1 ^^^^^^^ ' 
S ^Xo^2TZ^ Typica,^. the sub- .. 

ance of about! ^^"pS software is.started . 
in0 oor untt ,s "^^^"Ji,,, ca |l, an OAM&P 

scriber The installer then commands the cemran nu^ 

■ ,^ 0 h -and the installation is complete.. , 
'Xl t imp ove the re.iabir.ty of the system. , 
[0022] io h oiaced on top. of the. first, 

second «^ J^J^^, the second cen- 

Case the £ P U of the system when both hubs are 

fails two segments of the second hub can. take over, 
because of the 22.5 degree offset. 



5 7 ' ?, a faEe tn the- tower from which it normally 
Svi ^rSc" v^ntuail, after making the. required 
' number o hopsbetween hubs, the traffic is passed to a 
' nub Ss at'a location equipped with a direct connec- • 

tion to a high speed data backbone. 
'°. l 2 t] In summary, the Free Space Optical Br^>a^- . 
■ bid T Network provides a unique alternate to other 
■k Hhlnd access architectures. It has many of the 
™ t^e to service, and cost advantages of micro- 
same t.me to sendee witnout th e same disadvah- .. 

sSces include -web access, work at home.. 

VPN ^deo^^ 
■ p^eeding most types of DSL in the res.deng ? 

S!ar^DS,(exc,udin g the^ubsta S 
■ 25 cost of purchase RF spectral licenses), and less ^an , ; 
DSL HFC SDB. or FTTX. The system has s.mple 
StallaTon procedures, (can even be installed by. rea- 

ES Fidure 1 is a block diagram, illustratrng a 
30 ZT sJ* Broadband Optical .Access. System, .. 
S?BOAsT A Towers such as an existing water tower... 

hat the hub is within line of sight of a large number of . 
TontL subscribers The hub has a plurality of sectors 

Tor servmy , Sector A, ano are 

: v Z ^Ser.stations.43, , . - 44. are normally served 
4 0 bv the OLST of Sector B of the central hub,, . 

?002?1 Figure 2 is a block diagram, illustratmg the 

connected to a backbone network for connectmg the 
rmmSca ions signals being exchanged with ft. .ub- 
scribers to a network for distributing such s.gnals. In. 
21 configurations, it isalso possible for the .Con, 
■ 50 SoSer Logic to control ^a-hub traffic. The detafc 
of one of the Sectors. 201,. are also shown -7^^° r 
has its own Sector Logic .21 1 , operatmg undertte con-, 
trol of the Control/Router Logic.for controlling the oper- 
ations of Sector 201. Hub logic unit 210. performs 
55 protocol checks and conversions, control fu.nct.ons, and 
' OAM&P (Operation. Administration, Mamtenance and 
- pTovSon ng); sector logic 21 1 performs mirror control. 
[aSER power control, and brt error rate calculates. 
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Maintenance control; can be supplied locally within 
each sector logic unit 211, or from the hub logic unit 
210, or both. 

[0028] Signals from the backbone network : are ' 
routed to LASER 212 to modulate the output of this' 
LASER. In Applicants' preferred embodiment; the 
downstream wavelength,. i.e., the wavelength of optical 
signals being sent to the subscriber, is 1550 nanome- 
ters. The output of LASER 212 is expanded by'Beam 
Expander 21 3, to decrease the divergence of the beam 
that is received by the subscriber, to reduce interference 
from precipitation blocking a signal, and to reduce opti- 
cal power density to improve'eye safety. The output of 
the beam expander goes through a Beam Splitter 214, 
which allows the transmitted, (downstream) beam to 
pass, and which also aims the upstream beam at Photo 
Diode 220. The Beam Splitter 214 also acts as a filter 
and selects a narrow wavelength band centered on the 
upstream wavelength. This improves signal to noise 
ratio, and helps prevent damage to the photo diode from 
occasional direct sunlight. 

[0029] The system for aiming the downstream 
beam is the same as the system for selecting the 
upstream beam, since both traverse the same line of 
sight path. The output Beam Splitter 214- is aimed at a. 
Mirror 21 6, controlled to give deflections by a first galvo- 
nometer 1 1 5. The output of Mirror 21 6 is aimed at Mirror 
218, which is controlled by second galvonometer 217,- 
which provides' orthogonal deflections. The output of 
Mirror 218, is then a downstream beam aimed- at the 
subscriber with which the sector is currently communi- , 
eating. The upstream beam, (which for clarity is shown 
as a very narrow beam, although- in practice,. it is much 
wider), is received at Mirror 21 8 as a result of the aiming 
of the subscriber output beam, (the upstream, beam), 
performed during the installation'. Mirror 218 is over- 
sized and' very close to Mirror 216, so that the beam is . 
always on Mirror 218. The upstream, beam; is.reflected. . 
by Mirror 218, and Mirror 216, and arrives at Beam 
Splitter 214; there, the upstream ; beam is deflected to 
Lens System 21 9, which aims the beam at Photo Diode 
220. The upstream beam in Applicants' preferred 
embodiment, has a wavelength of 131 0 nanometers, 
providing excellent- separation from the signals of the 
downstream beam. The output of the Photo- Diode 220 
is then sent via the Sector Logic to-the Control/Router 
Logic to be sent to the backbone network. For situations 
in which the tower is frequently or always substantially 
in wind, a servomechahism can\be used to maintain 
alignment. Two types of disturbances can influence the 
aiming accuracy. One is wind sway at, the tower. An 
acceleration sensor can be incorporated in the Hub 
Control Logic 210 to compensate the beam angle. The 
other disturbance is tower deflection caused by uneven 
solar heating. Each sector has a temperature sensor 
230. The outputs of these sensors are used by the Hub 
Control Logic 2'10 to estimate the tower's deflection 
from true verticaland correct scan angles. 



[0030] A pair of hubs can be stacked, one on top of 
each other, offset by 22.5 degrees. Each hub can ri'or- 
. mally serve half of the subscribers. If there is a failure in 
: one of the hubs, then the other hub serves all of the sub- ' : 

5. scribers at reduced capacity. However, even at reduced 
capacity, there is an.excellent chance that all comrhunl- 
-cations can still be handled. By offsetting the hubs by 
- 22.5 degrees, added protection can be provided in case 
of a failure of one, of the sectors, since two sectors from > 

10 the other hub can take over the traffic from that one sec- 
tor,, (in addition to the traffic that they are already nan- 
dling). The hubs can be connected to a backbone 
network by a fiber optic link, or by a free space LASER 
link mounted as a separate hub, or as part of one of the 

7 5 traffic hubs, on the tower. Signals are then distributed 
through an interconnected mesh of towers to the back- 
bone network. In case one of the towers fail, those sig- 
nals which it transmits tc other towers can be re-routed 
via other towers of, the mesh network; 

20 [0031 ] It is important that the tower either have' high 
stability, or that movement is detected and compen- 
sated for. Movement can be detected either by sensing 
acceleration 's the tower moves in the wind, or by using 
feedback techniques that measure the bit error rate of * 

25 the various links. When such movement is detected, 
, compensating effects are added to the deflection 
angles. It is desirable that the customer (downstream), 
units measure bit error rates, and report these error 
rates upstream. A high detected error rate by the down- 

30 stream, unit is an indication that the' angle of transmis- 

< sion from the' hub 'may . have to be altered, at least 
temporarily. Different angles can be tried to find the low- 
est error rate; the results can be interpolated, or extrap- 
olated for other destinations. Also, PTibto Diode 220 can 

35 . be replaced with a~quadrant photo detector. This is an 
: \ assembly of five photo diodes; *one in the center, and 
, four arranged symmetrically about its periphery. If the 
r : signal detected/oh a peripheral photo diode rises, a 
.... beam correction signal is sent to the sector logic 211 

40 which corrects the scan angles to re-center the beam. 
[0032] Figure 3 illustrates the architectural details of 
the subscriber station. U hit 30T is the outdoor part of the 
subscriber station, the upstream signal which is trans- 
mitted at a wavelength of 1550 nanometers, is first 

45 passed througrra filter 311, then a lens 313, which 
focuses on a pinhole 315, which -concentrates the 
energy of the signal onto- a photo diode, units 31 7.- Filter 
... 311 only passes' the 1550 nanometer signals. from the 
hub, thus increasing ! the signal to noise ratio/ and pre- 

50 venting a melting of the photo diode during the few min- 
utes on' the two days per year when the sun is directly 
behind the hub. The output of the photo diode is fed to a 
pre-amplifier which feeds the transceiver logic 341 . The 
unit is powered by power unit 343, which includes an 

55 optional back-up battery, (not shown). Transceiver logic 
is connected to a telephone interface; POTS, (Plain Old 
Telephone Service)*, interface 345, which. is connected 
to telephones; to a video interface 347, which is con- 
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sonal computers (PCs), intn 

ceiver W *™^^^mon*™ s 
adulates a LASER 333 ope ^g ^ & 

eter wavelength, ; and wno k bafck , 

expand er 3* divergent deg- 

Si Figure 4 illustrates the P^ess of controlling 
[0033] /"' 9U ' , starts> (Action Block 401). 

* sectorof ^ ""^^mSd to 20 milliseconds in 
This is an overall cycle urn* 
orde rtolimitthe.aten C ^ 

the next user, which initially wou ck4o4 y: 
(Acti on Block Wpfatnt ' 

and starts timing The h* J ' " 
405. in response to ithei *ee.pt °^ ^ 407)> ^ tne 

userterm.nal acknow e g hubt ran8- 

m -rts downstream datMActon .. 
transmits upstream data (Action 

sr 5 )Tnot%s™ > 2 - 

l b? transmitted, then Action Block 419 is. 
empty), to be transmrne , ^ uses a 30 

^^^^^^^^^^ =■ ■ 
ted, then this ; date .* ra 5 jnd -, cates thatthe 

:rr^d ^ Action is entered, 

° e terminals to determine whether any of the inacfve 

interrogated in each cycle; as long as each idto term.nal 
Is Seated- at least once per second, the sery.ce 

SS^^^-rtp^n is of one embodiment 
. I .• invention Many other .embodiments will 
oVES to ^ ordJa-y skill in the art without 
b de P aS"om the scope of the invention. The invention 
is only limited by the attached Claims. . 



Claims 

1 In a free space optical broadband access system, 
apparatus for communicating between.a. source 
and a plurality of destinations, comprising: 
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means, for steering a LASER beam at the 
source to each of said plurality of destinations; ^ 

means, coupled to said means for steering! for 
receiving a modulated LASER beam from each 
of said plurality of destinations; 

means for receiving communication ' signals 
from, and transmitting communication signals 
to a communication network; 

means, coupled to said means for steering, 
and said means for receiving communication 
signals from said communication ™^£? r .,' 
modulating the steered LASER beam with the • 
signals received from the network, toward each 
of said plurality of destinations; and 

means coupled to said means for transmitting 
cTmrnunication signals to ^ .^J^ , 
demodulating the received LASER beam 
thereby transmitting the received signals to the 
network. 

The apparatus of Claim 1 , f urther comprising appa- 
ratus in each, of said. plurality of destinations, said 
destination apparatus comprising: . . , 

LASER beam means, aimed at said apparatus 
for communicating with a plurality of destina- 
tions; and - : ~ ■ 

receiving means, aimed to receive a LASER 
beam from said apparatus for communicating 
with a plurality of destinations; .: . . ; . 

means, for modulating said transmitted LASER 
>- • beam with data from said destination; and 

means for demodulating said received LASER 
beam for transmitting data to said one destina- 
tion. 

3. The apparatus of Claim. 1 , wherein said means for 
•' steering comprises: . . 

means for steering said transmitted modulated 
LASER beam to each active one of said plural- 
ity of destination during a cycle; ,.. , 
wherein, said cycle is limited to. an acceptable 
upper limit of latency for data being exchanged 
between said apparatus for. communicating, 
- and each of said plurality of, active destinations. 

55 4 The free space optical broadband access system of 
' Claim 1, wherein a plurality of the apparatus for 
communicating with a plurality of destinations are 
mounted on one tower, and each of said plurality of 
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apparatus serves destinations within a sector of the 
area over which apparatus mounted on said tower 
can transmit . 

5. The apparatus of Claim 4, wherein more than one - s . 
apparatus for communicating can communicate^ 
with destinations in one. sector via redundant paths. 

6. The apparatus of Claim 1, further comprising v 
means, coupled to said means for steering, for w 
compensating .for deflections of said source. 

7. The apparatus of Claim 6, wherein said means for 
compensating comprises means for detecting high , 
error rates in signals received at ones of said desti: . is 
nations. ' e ■ 

8. The apparatus of Claim 6, wherein said means for 
compensating for deflections comprise a plurality. of : 
receiving photo diodes, and means for measuring . 20 
signal strength error rate oh ones of said plurality of - 
diodes for altering ah angle of said LASER beam.- : 

9. The apparatus of Claim 6 ( wherein said means for 
compensating comprises means for detecting rapid 25 
changes in deflection of a tower for mounting said 
LASER beam. 

10. The apparatus* of Claim 9, wherein said rapid 
deflections are caused by wind and sensed by 30 
acceleration gauging. 

11. The apparatus of Claim 6, wherein said .means, for 
compensating comprises means for detecting slow 
changes in deflection' of a tower for mounting said 35 
LASER beam. 

12. The apparatus 'of "Claim "11, 'wherein -said slow 
deflections are caused by, unequal heating of said 
tower and sensed by temperature sensors on all 40 
sides. ' ' 

13. The apparatus of Claim 1, further comprising an 
intersource backbone/network for communicating 
among said means for receiving .communication 45 
signals from, and transmitting communication sig- 
nals to' a communication network.- 

14. The free space optical broadband access system 
further comprising: so 

a plurality of destination units for receiving sig- 
nals from said LASER beam of said source, 
and transmitting a modulated LASER beam to 
said means for receiving a modulated LASER .55 
beam. " 

15. The destination' unit of Claim 9, comprising t an 



indoor segment for interfacing with customer 
premises equipment, and an outdoor segment for 
communicating with said apparatus for communi-. 
eating between a source and a plurality of destina- ; 
tions. .. ' 

16. The destination unit of Claim 9, further comprising,, 
means for measuring error rates of- received sig-, - 
nals, and for communicating error rate information 
to said apparatus* for 'communicating between a , 
source and a plurality of destinations. 

17. The apparatus of Claim 9, further comprising opti- 
cal filters to improve signal to noise ratio. 

f 

18. The apparatus of Claim 9, further comprising filters r 
to protect equipment from , being destroyed ^by ; 
focused sunlight." ..-.•■*■ ■ - - - 

19. The apparatus of Claim 9, wherein a wavelength of 
the LASER beam usedfor transmitting signals to a 
destination unit is different from a wavelength used 
for transmitting signals from a destination unit. .,■ 

20. The, apparatus of Claim t, further comprising, opti- 
cal filters to improve sijgnals to noise ratio. ,. _ . 

21. The apparatus of Claim >1, further comprising. filters" 
to protect equipment from being destroyed by 

, focused sunlight. 1 - 

22. The apparatus of Claim 4, wherein each of the plu- 
rality of apparatus serving destinations within a sec- 
tor can also" serve' destinations t at fringes of 
adjacent sectors' thereby providing means for, bal- 
ancing the load between units serving, adjacent 

. sectors. ; **• - ■ »• ; , 

23. The'apparatus of Claim 4, ; further comprising a sec- 
ond set of apparatus for covering alTsectors of the 
area. J 

24. The apparatus of Claim 23, wherein the sectors 
assigned to the second set are, angularly displaced 
from the sectors for the first set of apparatus. 

25. The apparatus of Claim 24,- wherein, each sector 
covers a basic angle of 45 degrees, and wjwein 
the second set of sectors are displaced by 22.5 
degrees frdm' the sectors for the first set. . 

26. The' apparatus of Claim 1, wherein data is simulta- 
neously exchanged in both an upstream and down- 
stream direction, and wherein the wavelength for 
upstream and downstream transmission is differ- 
ent 

27. The apparatus of Claim 26, wherein each of the 
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destinations that is active is served at least once in 
every pre-determined short period, and that inac- 
tive destinations are served at a slower rate under 

heavy load. 

28 The apparatus of Claim 1, wherein . each of said \ 
destinaLs have battery backup for power; „ 
wherein reliable power is provided for telephone . 
users served by said apparatus. > ^ 

29 The apparatus of Claim 1 , further comprising beam 
' expanders to improve divergence and immunity to 

weather condrtions, and to improve eye safety. 

30 The apparatus of Claim 3, wherein an upper limit of ■ is 
' time is set for each active user destination for-each. ,. 

cycle, and wherein, if no datajs available to, be- ■ 
transmitted from or to a particular active user desti- 
nation prior to having reached said upper limit of 
time, transmission from and to a next active user 
destination is started. 

31 The apparatus of Claim 3. wherein each idle user 
" destination is tested at least once per user act.vrty 

cycle to see if said idle user destination has 
become active. 

32 The apparatus of Claim 31 . wherein said user activ- 
' ity cycle is longer than said cycle for steering said 

transmitted modulated LASER beam. 

33 The apparatus of Claim 1, wherein during installa- 
tion an approximate-deflection angle is calculated 
for 'the source by determining a user's location 
using a GPS, (Global Positioning Apparatus), and 35 
calculating an angle from said user's location and 
the source location. 

34 The apparatus of ' Claim 33, wherein a central 
OAM&P, (Operating. Administration, Maintenance, « 
and Provisioning) Bureau performs the calculation 

of the angle, and informs the source. 
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FIG. 4 
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